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In the measurement of polarization the electrical contact on
the solution side between the working eleotrode and reference elec-
trode is established by means of a column of a suitable elestro-
lyte, enclosed in a plastic or glass tube, which has a small (capil-
lary) opening in the working ocell (Fig. 1}. The capillary serves
to prevent flow of electrolyts between the reference half cell and
the main body of electrolyte, and also it permits the assignment
of a more or less exact locatior of the junction within the elec-
tric field of the working cell.

The capillary tube if placed close to the electrode surface,

shields the current from it (1), and the measured polarization

values are lower than the "true" polariration corresponding to the
avorage ocurrent density over the electrode. If the measurement of
polarization is effected while the current is flowing across the
cell (direct method) the emf measured between the electrode and
the reference half cell inoludes besides the half cell potentials

the ohmic potentisl drop between the working electrode and the end

of the capillary tube. The recognition of the proper significance
of these factors is due to Piontelli and co-workers (2,3), who

estimated the errors incurred in polarization measurements by

_various capillary designs and locations on the basis of studies

conducted with scaled up models, Barnartt (4) extended these ob-
servations by the electric trough method, using models of somewhat
1mproved accuracj:n The cdﬁoiusiona of these researches indiocate
that the shieiding effect may be eliminated for all practical
purposes by locating the capillary end at a distance larger than

four times the external radius of the capillary from the surface
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[Pig. 1(a)]. The ohmic potential drop on the basis of Barnartt's
model studies can be computed if the conductivity of the electro-
lyte, average currenf density, and exact dimensions and location
of the capillary are known, Plontelli (3) recommended the use of
a small diamcter zlass tube, closed at the end by a thin glass
membreane, placing it tigntly against the electrode surface, with
1ts axis normal to the surface [Fig. 1(b)]. In this arrangement

the area covered by the membrane is compietely shielded. However

the electric fleld remains unaffected if the lines of flow in the i

field of the cell are parallel to the axis of the tube. The liquid
junction between the solution in the cell and in the tube is estab-
lished by a circular corona-shaped opening in the glass wall,
10-4qa.rrom the electrode surface. The ohmic drop in this arrenge-
ment 1s negligibly small. This junction has the added advantage .
of 8liminating the error incurred whsn ths ohmic drop between the i
capillary tip and surface is computed by assuming that the con-
ductivity of the elecirolyte adjacent to the working electrode is
identical to the bulk value. )
Both the above arrangements can be assumed to function satis-

factorily aa long as the geometry of the working cell and the

hydrodynamic conditions are such that the current distribution
over the electrodes is uniform. Parallsl plane electrodes, cone
nectad by insulating plenes normal to the electrodes, or concentric
circular cylindrical clectrodes terminated by insulator planes
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concenfric spherical arrengement is not practical,.)

The secondary distribution however 1s affected by convection
in the vicinity cf the electrodes. In the absence of stirring

this can cause a significant deperturs from the uniform primsry
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current distribution}' It has been shown that the current
density may very as much as 106% over relatively short vertical
distences (in the order of 10 cm) due to differences in 1icnic mass
transfer rates (6,7). Therefore in polarization studies effective
stirring i1s of great importance. Establlshment of a condition of
uniform turbulence along the slectrode surface cannot be achieved
in the presence of an obstruction (such as the frontal capillary
tube) in the hydrodynagic boundary layer. As a result, the
current density distribution may vary in the vicinity of the capil-
lary tip, whether or not the latter is in contact with the surface.

When the effect of convection on current distribution is
studied, introduction of a frental caplilery tube causes a more or
less significant departure from the hydrodynamic conditions pre-
vaiiing in the absence of such a disturbance. Since the quantita-
tive prediction of these effects 1s extremely cumbersome, if not
impossible, the backside capillary arrangement [Fig. 1(c)] posses-
es definite advantages over a frontal tube. |

This junction was first suggested and used by Piontelli and
Polli (8,9), and since subjected to thorough Snvestigation with
reégard to errors resulting from the introduction of a discontinuity
in the electrcde surface. A small ohmic potential drop is included
between the inside of the capillery hols and the electrode sur-
face. In Barnartf's model experiments (4) this drop was found to

be squal to the potential drop across an electrolyte layer of

convection is suppressed in the vicinity of an electrode if
the concentration changes esteblisheda by the current are such that
only vertical density gradients result, with the density decressirg
with increasing elevation. The deposition of a metal on a hori-
zontal tep endpiate of a vertical cell is a model whare convecticn
is negligibie [10).
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thickness 0.559 r (r = external radius of capillary) in a direction.

normal to the electrode. (Wall thickness was 1/3 »). It 1s evi-
dent from these data, that if one uses small capillary opsenings,
and electrolytes of high conductivity, the error incurred up to
moderctely high current densities (0.0l ~ C.1 A/bm?) will not

exceed a few millivolts.

1. Working Test of Backslde Capillary Models

In the following the devslopment and testing of a backside
capillery (designated by BSC) suitable for the measurement of
locel polarization is described.

A 1-in. 1.d., 5-in. long circular cyl@ndrical lucite tube was
closed off at both ends by 1/4-in. thick copper plates, held ia
place by a clamping structure. (Fig. 2) The BSC tu be tested was
mounted in the center of one of the electrodes and was connected
by a glass or plastic tube to the reference half cell, containing
copper reference electrodes. In addi tion, two 1/64-in. holes were
drilled through fhe lucite wall, normal to the axis of the tube,
at 0.1-and 1.0~in. distances respectively from the electrode con-
taining the BSC. Each hole served to connect the cell to separate
side compartments containing a copper reference ¢lectrode and
fil.ed with electrolyte of the same composition as in the working
cell. When external potential is applied across the two endplate
electrodes.t¥ 4' the ohmic potential drop in the column betwsen
them 1s proportional to the distance along the axis of the tube
(10), provided the composition of the electrolyte remains uniform
during the passage of the current. Knowing the conductivity of
the electroiyte and the distance of a side wall capillary (SWC)
(Fig. 1(4)] from the electrode under investigation, the ohmic
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potential drop between the working electrode and either of the

1
holes can be evaluated for any given surrent,

Experimental procedure. The cylinder equipped with sidewall

capilliaries (SWC) provided a convenient means for the investiga-
tion of the performance of several BSC designs. The electrolyte
used eithsr CeO m or 0.8 m CuSO4 In 1.45 m H2894. Both the cath-
ode and the reference slectrodes (l1/4-in. dis., 2-in. long copper
rods) were carefully preplated from a similar solution prior to
each experimental series., After the cell, capillary connections
and reference half cell compartments have been filled with the
electrolyte, the desired current was appliad across the eell, and
after 5-15 minutes the potential betwesn each reference electrode
and the cathode was simul taneously measured® The potonﬁial
difference betwcen the twc slde compartment reference electrodes
was also recorded [Fig. 2(B)] in order to esiablish the ohmic drop
tetween the planes of the side wall caplllary openings.

The polarization values wers obtained in the unsteady state.

. They included both chemical and concentration polarization. These

measurements were intsnded only to clarify how closely a particu-
lar BSC yields the same polarization value as those obtained
simul taneously by the sidewall capililaries.

The ohmic component was subtracted from the values measured

by the sidewall capillaries, and then the polarization values

lvnifafm conductiviiy can be approximately meintained by ef-
feactive stirring (eloetrolite circulation) and the uss of excess
"supporting electrolyte"™ (10),

2Instruments:
1. Leeds and Northrup potentiometer Type K2.
2. Potentiometer-Recorder. G.E. Model 8 CE-SCM19A.
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obtained by the SWC and the BSC wers plotted. ({In all calcula-
tions the potential difference between the reference electrodes
was taken into aécount.)

In the design of the BS capillaries we considered the
follewing:

1. The diameter of the capillary should be as small &8s pou-
sible since both the ohmic potential drop and the current density
at the edge of the hole in the metal increase with hole asize (4).

2. The inside of the capillary hole must be effectivel~
insuiated from the metal surface inside the hole, and from the
back side of the electrode, otherwise the pclarization value:=
measured will be smeller than the value corresponding to the
uniform current density on the surface.

3. The outer end of the capillary must ve smooth and flush

withh the working electrode surface (10).

Fig, 3 shows some of the capillaries tsstad by the above
described method. Glass capiilaries were found to be too fragile.
Sealing the gap between the metal and the glass capillary and fit-
ting the outer and of the capillary exactly in the plane of the
electrode is a tedious operation. In type A (Fig. 3) a thin wire
was inserted in the hole drilled through the electrode, and a
resin lacquer1 was applied. After hardening, the wire was pulled
out, leaving a well defined capillary hole behind. In model B,
the ruby was a standard watchmeker's stone, inserted in the pre=~
drilled hole by = special tool. Model B gave very well defined

hole geometry on the solution side, but still required lacquer

insuiation inside the hole. The capillaries A end B showed similar

16.E. Glyptal.
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behavior in our tests in the cylindrical cell (Fig. 2). The polar-
2zation vaiues were consistently lower than the cnes meesured by
the SWC, differences increased with increasing currsat dsnsity,
and hole diameter. This indicetes that the lacquer layers were
imperfsct and the solution came into contact with the electrode
inside the hole. Figs. 4 and S give typical sets of results for
types A and B.

The teflon capiliary (model C) was the easiest to manufaciura,
and yielded by far ths most satisfactory results (Fig. 6). Pig. 7
shows the increase of total polarization of the cathode with time,
&t cornstant current in a horizontal position on the tep of the cell
Again satisfactory agreemsnt can be observed between the values ob-
tained by the two capilluries.

The teflon need not be machined accurately o the dimensions
of the hole in the electrode, because under pressure (provided by
the thread) it can be forced through the capillary opening. The
hole in the teflon can be drilled after it has been fitted into
ths electrode. The solution side of the cepillary was machined to
eliminate any protrusions. This teflon plece was attached to the
reference half cell by a plece of plastic tubing or by fitting 1t
directly into a glass joint.

The teflon capillary yielded consistentiy close agreement
with the values measured by the sidewall capillaries. (None of
the values in Figs. 4, 5, 8§, end 7 were corrected for the small IR
drop that existed between the surface end the inside of the BSC.)

2. Measurement of Polarisation Variation along

Electrode Surfaces

The copper endplate of a rectangular lucite cell of squarse
cross-section (Fig. 8) was equipped with three identical teflon
capillaries located on a line per:llel to the bottom of the cell,

e
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The threae capillariss connected to separste half cell compartments,

each provided witnh identical copper refsrence slectrodes. Each
referencs electrode wss connected to the endplate through a poten-
tiometer, and the polarization was measured simultaneously for all
three locations.

(a) The line of capillaries in horizontal poaition. Since

the mass transfer boundary layer thickness aslong a horizontal line
is the same (7) it is expected that all three locations yield the
same polarization value. As shown in Fig. 9 indeed the values
measured were identical within experimental accuracy (: 2 mvV),

(b) The line of capillaries 1n.vertica14poaition. The end-

platb was turned by 90°, so that the lowest opening (3) was 18 mm
from the bottom. Due to natural convection the lower part of the
electrode received a better suoply or.coppor ions than the upper
region. As a result the concentration polarization is higher at
the top of the electrode than at the bottom (7). This fact is
well illustrated by the appreciable difference between polariza-
ticn velues measured by the three capillaries, as illustrated in
Pig. 9.

Stirring in the center of the cell by & small propeller at
1500 rpm almost completely eliminated the difference between

locations.

(c) The line of capillaries in horizontal position, anode
in en inclinad position. The primary distribution of current is
nonuniform, decreases with location (1) to (3). Without stirring
the differences in polarization are quite pronounced, due to cdne-

centration pelarization. With stirring the chemical polarization

dominates, and the polarization values fall close together (Fig.10).
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Remarks

The backsids capillary dcss not yisld compls
polarigation values, because of the ohmic drop included between
the inside of the capillary, and the electrode surface, and also
because of the current density, hence the polarization, is higher
around the capillary wall than it would be on the electrode at the
location where the hole was drilled in the metal, in the absence

of the hole. The ohmic correction is small unless the conductivity

of the electrolyte is low, and can be approximately calculatad on
the basid of Barnartt's recommendations (4). The error incurred
due to the higher polarization around the edge of the hole is ;
negligible, provided the hole diameter is small, and the conduc- f
tivity is high.

Series of BS capillaries can be conveniently built into large

electrode surfaces. In this laboratory one of?the cells built for
the study of the effect of forced convection (laminar and turbu-
lent flow past flat plates) on ionic mass transfer and current
distribution (10) was equipped with BS capillaries (Pig. 11).

Any frontal tube or capillary would seriously affect the nature

AR s bt 2 AT i M A KD ML o

of the hydrocdynamic boundary layer in such a model.

Caonelusion

l. Due to relatively low interference with the flow of
slectricity and hydrodynamic conditions, the backside capillary

was found to be a suitable means for establishing juaction between
working electrode surfaces and reference electrodes.
2. Properly designed capillary junctions lead to potentisl

values which are in excellent agreement with those obtained
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simul taneously by independent methods of established accuracy.

3. Such beckeide Luggin capillariss permit the measurement

;' of local (point) values of polarization and can serve s a valu-
able tool in obtaining data for mass transfer and cvervoltage

studles,

—




[+2]
.

8.
9.
i B 10'

o a———— ——

R.

S.
c.
C.
c.

R.
R.
M.

E. Mattson, Svensk Kem. Tids., 62, 83 (1859).

Piontelll, G. Bianchi, and R. Aletti, Z. Elsctrochem., 56,
86 (1952).

Piontelll and G. Lianchi, J. Electrochem. Soc., 100, 295
(1953).

Barnartt,J. Electrochem. Soc., 99, 549 (1952).

Kasper, Trans. Electrochem. Soc., 77, 353 (1940).

wagner, J. Electrochem. Soc., 95, 161 (1949).

W. Wilke, M. Eisenberg and C. W. Tobias, J. Electrochem.
Soc.; 100, 513 (1953).

Piontelll and G. Polli, Gazz. Chim. Ital., 78, 717 (1948).
Piontelli, Z. Elektrochem., 55, 128 (1951).

Elsenberg, Studies on the Role of Ionic Diffusion and

Mass Transfer in Electrods Processes, M.S. thesis,

University of California, Berkeley (1951).

e




[

e - e

eyt b e

——

/ TO REFERENGE

H'I\ ELECTRODE

7 1 %
(=) Z ] (+)
% .
—— 2
% (a) ’%’/
(c) //
T0 REFERENCE [/ é
ELECTRODE é 7
? (b) TO REFERENCE
Z /] ELECTRODE
7
-
I (d)

TO REFERENCE
ELECTRODE

FIG| METHODS FOR COUPLING REFERENCE ELECTRODES
WITH WORKING ELEGCTRODE SURFACES

POTENTIOMETER

|k

S
N

o o o ol Aol

(a)
LUCITE
e TEFLON A\ Cu
: \\\ N4 AN
N\ Bl 1 L
» Q0. ——
Y'Y 2 o7s M
L°"5 'o':': R 8 I;u f .
T AN X M
\\ RUBY
LACQUER

(b)

(c)

FIG.3 BACKSIDE CAPILLARIES

LR

i 2 Wasted @

By




- e o e WNee o 2y g &

2.
e s e e i o AT LAY A Wt Yo b vy oy o L

‘'SIVITNAVI 3QISHIVE
A8 3Q0HLVI 3H1 OL G3LI3NNOD STI30 471IVH
JONIY343H HLIM S3A0HLIITT AUV AVIS 'SAIYVITIAVYI 3AISHIVE ANV
1Svd NOTd4 LNITNBHN. ONV HVNIWNVYT 40 - T7IYM30IS 3HL A8 NOILVYZINYIOd V1Ol
473443 30 AQNLS ¥0d4 T30 40 Ivi3a 117914 40 LN2WIAYNSVIW HO4 1730 4O SLHvd 2 '9id

8301d v WPOYIDS PuD poud Buipioy 10) duiD|d
S2P0XINR  DUNINJN) SO} - sudWIcdwod Ipis

(818410232919 40} ) 3Qny 34)30)

310id apoud n)

A0]11d00 PIENI0G YUM ASIP IPOYI0d N)
3P0III|I U 0D D

8 0 o &

R P




160 =
,-//
140 |—--- > -
el cl o
/ [o] OL ]
120 pb—-1—- - -1 o -
z‘ Q
100 —-1-- J€ -
3 4
N
© 80 + o B I i S —_t .- —_——
- 0 LACQUER INSULATED
o CAPILLARY
a 60 }— - U -
2 /» + SIDE WALL CAPILLARY
S 40 RS T O
- 0.5 M CuSO,
20[ - ] 1.0 M H,S0,
T.20°+ 0.5° C
0
0O 4 8 12 16 20 24 28 32
CURRENT DENSITY, MA /cM?
F1G.4 TOTAL CATHODE POLAR(IZATION
AS A FUNCTION OF CURRENT DENSITY
160
140
//
20 - - ——— s
- / °
z / s
900 p—--~}f---— —lo—
= -
L4
': / o
% 80 [le=te /v
-
3 /
& 60
o / o "JEWEL" CAPILLARY
s + SIDE WALL CAPILLARY
o 40 =
/ 0.6 M CuSO4
20 |- T .45 M st°4
T:20° t0.5°C
o .
0 2 4 6 & 10 12 14 16 18
CURRENT DENSITY, MA/CM?
FiG.5 TOTAL CATHODE POLARIZATION

AS A FUNCTION OF CURRENT DENSITY

- -

B T T

PN

e s s




RN WYY S0 ST WIS W ¢ e

an
o

s
/

R
[=]

F 3
[=]

.+ TEFLON CAPILLARY
| © SIDE WALL CAPILLARY

W
o

CURRENT DENSITY (MA/CM?) -~
~n
[=]

10 —

0.6 M CuSO4
] 145 M H, S0,

T:20*% o.5°C

w

50 100 150 200 250 300 350 400 50
TOTAL POLARIZATION VOLTAGE (MV) —»—

FIG.6 TOTAL CATHODE POLARIZATION AS A FUNCTION OF CURRENT DENSITY

220
CURRENT DENSITY: 592 MA/CM?
200| |l CONSTANT THROUGHOUT THE RUN) ) P
180 |- | ____.___'_/9/)
>
= 160 v / NPRTRREY ——
z'.' Pg/'
2 140 / W S—
<
E
5 120 /A I ATTIY] (STTTUSY) (R SR
-d
[e]
e /
wo |- Al R A
d .
E 0.6 M CuSOa
" 8o 1.45 M H,S0,
T:20°+ 0.5°C
ol T[T 7|+ TEFLON CAPILLARY
O SIDE WALL CAPILLARY
40
o 10 12 14 16 18 20 22

TIME (MIN.} —

FIG7 GROWTH OF THE POLARIZATION OF A"TOP"CATHODE WITH TIME,

FOLLCWED UP SIMULTANEOUSLY WITH THE
SIDE WALL (o) AND TEFLON (+ ) CAPILLARY METHODS

iy




b e . o m——— s L ie e

76 m/m

L LT

+)

——— BOm/rn—vi

FIG. 8 CELL FOR MEASUREMENT OF NON-
UNIFORM POLARIZATION

{DASHED LINES INDICATE POSITION
OF INCLINED ANODE)

WITHOUT STIRRING . WITH STIRRING

g

g
\\\\\
2

TOTAL CATHODIC POLARIZATION, MV

m

(2)

(3)

oo I R
1

© 10 20 30 40 0 10 20 30 40
A
AVERAGE CURRENT DENSITY = —OlAL CURRENT MA
TOTAL AREA cM

FIG.9 TOTAL CATHODE POLARIZATION
ALONG A HORIZONTAL LINE
INCLINED ANODE

cas

e L g o+ b b amme———— b



00l

0§l

002

062

(NOILNAIYLSIA LNIHYND ANVIWIND WYHOLINN)

30JOHLVI-1D AVOIL¥IA V NO

ALISN3A LN3¥Y¥ND SA NOILVZIEVIOd 3AOHLIVO IV.LOLOIOIS

Lok vaHy V10l ALISN3G IN3¥Y¥ND IOVYIAV
VN ~ LN3NHND V.iOL
o¢ 0z 0l 0¢ 02 Ol og 02 Ol
q 001
| _
! y
_ \n\ 0S|
) Amm\ 002
(2)
ANU\ (1
(1)
052

ONIYYILS HLIIM — "3NIT
AVIILY3A- NO S3IHVITIdYD

NI TVOILY3A
NO S3IYVIIdYI

3ANIT TVINOZIYOH
NO S3NNVIIdVI

OiGOHL1VD Vviold

AN 'NOILYZIUVIOG



e ey ¢ 5 e~ ——— VT e

DISTRIBUTION LIST. CONTRACT Nonr-222(06)-NR 359 270

8 Addresses

Commanding Officer, Office of
Naval Research Branch 0ffioce
160 Causeway Streat

Boslon, Masaaohusetts

Commanding Officer, Office of
Navel Research Branch Office

844 North Rush Street

Chicago 11, Illinois

Commanding Officer, Office of
Naval Research Branch Office
346 ' Broadway

New York 13, New York

Commanding Officer, Office of
Naval Researchk Branch Office
1000 Geary Street

San Francisco 9, California

Commanding Officer, Office of
FNaval Research Branch Office
1030 N, Green Street

Pasadence 1, Califoraia

Officer-in-Charge, Office of
Naval Research Branch Office
Ravy Number 100

Fleet Post Office

New York, New York

Director.

Naval Research Laboratory

Washington 25, D. C.

Attention: Technical
Information Officer

Office of Naval Research
Washington 25, D. C.
Attention: Chemistry Branch

Dr. Ralph G, H, Siu

Ressarch NDirector

General Laboratories, QM
Depot

2800 S, 20th Street
Philadelphia, Pennsylvania

Dr, Warren 2tubblebine
Research Director

Chemical and Plastiss Ssction
RDB~KPD

Quartermaster Generecl's
Office :
Washington 25, D. C.

No.
Coples

1

Addressee

Dr. A, Stuart Hunter

Technical Dirsctor

Research and Development
Branch MPD

Quartermaster Goneral's
Office

Washington 25, D, C..

Dr. A, Welssler
Department of The Army
Office of the Chief of
Ordnance

Washington 26, D. C,

Attention: ORDTB-PS

Research and Development
Group

Logistics Division

General Staff

Department of The Army

Washington 25, D, C.

Attn: Dr. W, T. Read
Sclentific Adviser

Director

Naval Research Laboratory

Washington 28, D, C.

Attention: Chemistry
Division

Chief of the Bureau of Ships
Ravy Department

Washington 26, D, C.
Attention: Code 340

Chief of the Bureau of
Aeronsutiocs

Navy Department

Washington 28, D, C.

Attention: Cods TD-4

Chief of the Bureau of
Ordnance

Navy Department

Washington 26, D, C,
Attention: Code Rexd

Dr. H. A, Zahl

Technical Director

Signal Corps Engineering
Laboratories

Fort Monmouth, New Jersey




DISTRIBUTION LIST - Page 2

No.
Coples Addressee
1 U.S. Naval Radiological

»d

Defense Laboratory
San Franclsco 24, California
Attention: Technicai Library

Naval Ordnance Test Staticn
{Inyokern)

China Lsake, California

Attention: Head, Chemistry
Division

Office of Ordnance Research
2127 Myrtle Drive
Durham, North Carolina

Technical Command
Chemical Corps
€hemical Center, Maryland

U.3, Atomic Energy Commission
Research Division
Washington 25, D, C.

U,S. Atomic Energy Commission
Chemistry Division

Brookhaven National Laboratory
Upton, New York

U.8. Atomic Energy Commission
Library Branch, Tech, Informa-
tion, ORE

P,0. Box E

Oak Ridge, Tennessee

Dr,. David C. Grahame
Department of Chemistry
Amherst College
Amherst, Massachusetts

Dr., Frank Hcvorka
Department of Chemistry
Western Reserve University
Cleveland 6, Ohio

Pr. F. Jd. Biving

Department of Chemistry
Pennsylvania State College
State College, Pennsylvania

Dr, Frank Collins

Department of Chemistry
Polytechnic Institute of
Brooklyn

Brooklyn 2, New York

No.
Coples

l

Addresseo

Dr. Paul Pelahsay
Depariment of Chemistry
Louisiana State University
Baton Rouge, Louisiana

Graham, Crowisy and
Assoclates

341 E. OChio Strest
Chicago 11, Illinois

Aerojet Engineering COrp
Azusa, California

ASTIA Document Service Center
Knott Building
Dayton 2, Ohio

Office of Technical Services
Department of Commerce
Washington 25, D, C.

Office of Secretary of
Defense

Pentagon, Noom 3D1041

Washington 25, D, C,

Attn: Library Branch (R & D)

Dr. A. G. Horney

Office of Scientific Research
R & D Command USAP

Box 1395

Baltimore, Maryland

Dr. Leon 0. Morgan
Department of Chemistry
University of Texas
Austin, Texas

o

v

S AN

s v et

e 1t € e it P D B i ¢ bt

o ¢ AN B o . 1




Department of Chemistry and Chemical Engineering
UNIVZRSITY OF CALIFORNIA
Barkeley, California

FINAL REFORT

Contract Nonr 222(06)
Project NR 359,270

"The Role of Ionic Diffusion and Mass Transfer
in Electrode Processes”™

The parformance of work under Task Order Nonr 222(06)
commenced on 16 June 1951 and was completed on 31 December 1953.
Detailed technical description of results accomplished has been
presented in the form of technical reports, papers published in
the scientific literature, and papers preaented at technical
conventions as itemized below.

A. Technical Reports

I. The Theory of Concentration Polarization. Distributed g e
on January 15, 1952.

II. Mass Transfer at Roteting Cylinders. Dated September 15, e
1955, distributed with this report. i
IXI. Ionic Mass Transfer and Concentration Polarization at
Rotating Electrodes. Datad October 15, 1953, distributed
with this report.

IV. Application of Backside Luggin Capillaries in the Masus-
urement of Nonuniform Polarization. Dated November 15,
19583, 4a%.tributed with this report.

B. Papers Put.ished in the Ssientific Literaturs

I. Diffusion &nd Convection in Eloctrolysis--A Theoretical 3 i
Review. J. Electrochem. Soc. 99, 359C (1952). Reprint
enclosed with this report.

II. Correlation of Limiting Current under Free Convection
Conditions. J. Elesctrochem. Soc. 100, 459 (1953).
Reprint enclosed with this report. ‘

IIT. Press Convection Mass “ransfer at Vertical Fiates. OChem._ “!“n;_“_dg
Eng. Prog. 49, 663 (1953). Reprint enclosed with this ;

report. H |

C. Papers in Press or in Preparation . i

I. Jonic Mass Transier and Concentration Polarization at
Rotating Electrodea. (Bassed on Technical Report III.)
Accepted for publicstion in J. Electrochem. S8oc. To
appear in the June 1854 issue.
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II. Mass Transfer at Rotatina Gwlindere. \WWREOW Vil sOCHMILGHuL :
Report II.) To be published in Chep+ 5ng. Prog. Date of

publication hes not yet been establihed by editor.

III. A paper paper based on Technical Reprt IV is ready for
publication.

IV. Several short communications are und ®C Preparation, PP:I
senting the large number of physical PToporties (d°nsgt1°3:
viscositias, saturation concentratiohd, diffusion coe $1-
cients) which were measured in ths ¢ours® of the experi-
mental program. Reprints of these vill be provided on.
roquest as they become available. '

D. Papers Presented at Technical Convention?

I. At the 101st meeting of The Electro:ltemical Soclety,
Philadelphia, May 1952:

a. "Mass Transfer in Electrode Proc¢38¢8, I. Techniques
of Measurement."”

b. "Mass Transfer in Electrode Proc33es, II. Free Con-
vection at Vertical Plane Electroies.

II. At the meeting of the American Institute of Chemical.
Engineers, San Francisco, Californis September 1853:
"Free Convection Mass Transfer at V.stical Flates,

III. A% the 46th annusl meeting of the Aperican Institute of !

Chemical Engineers, St. Louis, Miss¢#f1, December 1953:
"Mass Transfer et Rotating Cylinders~

General Significance of the Results

Together with previous studies availapf® in the litezature
the work of this contract on nstural convactdon and rotating
cylinders covers the most important geometris Shepses, and mass
transfer conditions for electrodes in practistl situations. The
correlations provide basis for prediction of limiting current
densities and concentration polarization in @lectrolytic cells.
Ability to predict concentration polarisatics? Will facilitate
future study of chemical polerigzation at elestrodes &3 illus-
trated in the redox study with ferro-ferricy#nide at the rotat-

ing electrods. S
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Suggestions for Future Research

Further studies on chemical polarizatioh ¥ill be desirable
in an effort to establish a more general intfrPretation of this

" phenomenon. The relation of concentration pol@rization to cur-

rent distribution at sub-limiting currents ae*de furthe> eluci-
dation. Among possible typss of electrodes ©°1® porous solid
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types would appeor to warrant further study on mass tranafer aad
polerization effects. The theory of combined diffusion end migra-
tion i{n general and in porous electrodes in particuiar is in need
of clarification,
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